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Halibut (Hivpoglossus hippoglossus L.) yolk sac larvae were raised in incubators with 
different rates of continuous flow. Most larvae died between Days 10 and 29 after 
hatching. Rate of mortality increased with increasing rate of flow, but in a stagnant 
incubator there were no surviving larvae beyond Day 12 after hatching. Larval dry 
weight decreased with increasing rate of flow, whereas yolk sac dry weight did not 
differ significantly. Yolk sac utilization efficiency was higher with lower flow. 
INTRODUCTION 
Halibut larvae have an endogen development stage from hatching until first feeding 
at about 150 day degrees (Skiftesvik et al. 1990). This is a very long period 
compared with other marine fish larvae investigated in the North-East Atlantic 
(Russel 1976). During the yolk sac stage, the mortality is extremely high and a 
large fraction of the larvae develop deformities (Pittman et al. 1989, 1990 a,b ). 
The energy of the yolk sac is used for growth, development and activity. If the 
larvae through stress use too much of the energy for activity it will be at the 
expence of growth and morphological development. Pommeranz (1974) found that 
spraying newly hatched plaice larvae with water led to heavy mortality. Rosenthal 
and Alderdice (1976) have rewieved how stress in form of unfavourable salinity, 
temperature, and pollution leads to deformities and high mortality. Temperatures 
experienced by the primitive halibut larvae during the yolk sac stage have been 
shown to affect growth and yolk conversion effiences as well as rates of deformity 
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(Pittman et al. 1989, 1990a). Taranger et al. (1985) showed that physical stress on 
salmon yolk sac larvae led to lower growth rate and lower RNA/DNA ratio. 
Physical stress is also believed to increase the vulnerability of the larvae to attacs 
by opportun1stic patho·gens (Bergh et al. 1990; Pittman et al. 1990a). 
Halibut yolk sac larvae at Austevoll Aquaculture Research Station, as well as in 
several commercial fish farms, are kept in incubators with continuous water flow as 
described by Jelmert and Rabben (1987) The objective of the present study was to 
explore correlations among rate of water flow, mortality, bacterial growth, larval 
growth, jaw development, yolk conversion effiency, and content of RNA and DNA. 
MATERIALS AND METHODS 
Egg source and incubation 
One female and two males from the broodstock of the Austevoll Aquaculture 
Research Station were stripped for . eggs and sperm, fertilised, and incubated in 
incubator systems modified from Jelmert and Rabben (1987). The temperature was 
kept between 6 - 7 oc, and the salinity was 32 + /- 1 %.The percentage of 
fertilization was 97 % . The diameter of the eggs were 3.26 + /- 0.04 mm. The 
eggs were surface disinfected with Prefuran. Rate of survival during incubation 
was 93 %. The eggs were transferred from the egg-incubators the day before 
hatching. 
Raising of larvae 
Water were piped from a depth of 55 m, sandfiltered and microfiltered (5 urn) and 
UV-radiated. A total of 10 tanks were used, 3 tanks for each group, exept the 
stagnant, control group. Each tank was a semiconical, 250 1 fibreglass unit, painted 
black inside as described by Pittman et al. (1990a). A split inlet valve on the 
bottom for introduction of new water and extraction of sedimented dead larvae, 
and a sleeve filter for overflowing water at the top. A lid prevented light from 
reaching the larvae. The temperature was 6.4 + /- 0.4 C, and the salinity was 32 
+ /- 1 %. The tanks were divided into four groups, according to rate of water flow 
(Table 1 ). In each tanks there were about 2000 larvae. 
Table 1. Rate of water flow in the tanks of the different groups. 
Group no. Rate of flow * min-1 
1. group - 350 ml * min-1 
2. group - 700 ml * min-1 
3. group - 1050 ml * min -1 
4. group- (stagnant) 
2 
No. of tanks 
3 
3 
3 
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L a ! V a l  s a m p l e s  
D a y  0  o f  l a r v a l  d e v e l o p m e n t  w e r e  d e f i n e d  a s  w h e n  5 0 %  o f  t h e  e g g s  h a d  h a t c h e d .  
2 0  - 3 0  l a r v a e  w e r e  t a k e n  f r o m  e a c h  i n c u b a t o r  f o r  m o r p h o m e t r i c  m e a s u r e m e n t  o n  
D a y s  1 ,  5 ,  1 2 ,  1 9 ,  2 2 ,  ' 2 6  a n d  2 9  a f t e r  h a t c h i n g .  N o t o c h o r d  l e n g t h  w a s  m e a s u r e d  
o n  l i v e  l a r v a e ,  t h e n  t h e  l a r v a e  w e r e  w a s h e d  i n  d e s t i l l e d  w a t e r  a n d  f r o o z e n .  T h e  
y o l k  s a c  a n d  l a r v a l  b o d y  w e r e  s e p a r a t e d  a f t e r  b e i n g  f r e e z e - d r i e d ,  a n d  w e i g h t s  w e r e  
m e a s u r e d  o n  a  M e t l e r  M  3  e l e c t r o b a l a n c e  w e i g h t .  T h e  c a l c u l a t i o n  o f  y o l k  
c o n v e r s i o n  e f f i c i e n c i e s  w a s  d o n e  a c c o r d i n g  t o  B l a x t e r  ( 1 9 6 9 ) .  I n  a d d i t i o n  6  g r o u p  
o f  8  l a r v a e  w e r e  t a k e n  f o r  m e a s u r e m e n t  o f  R N A  a n d  D N A  c o n t e n t s ,  a c c o r d i n g  t o  
p r o c e d u r e s  d e s c r i b e d  b y  R a a e  e t  a l .  ( 1 9 8 8 ) .  S t a t i s t i c a l  t e s t i n g  w a s  d o n e  b y  
S t u d e n t ' s  t - t e s t  a n d  t h e  K o l m o g o r o f f - S m i r n o f f  t e s t  f o r  n o r m a l  d i s t r i b u t i o n .  
M  o r t a l i t i e s  
D e a d  l a r v a e  w e r e  r e m o v e d  f r o m  t h e  i n c u b a t o r s  e v e r y  s e c o n d  o r  t h i r d  d a y  b y  
s t o p p i n g  t h e  f l o w  a n d  i n t r o d u c i n g  t e n  l i t e r s  o f  s a l t e d  w a t e r  ( a b o u t  4 0  p p t )  f o r  
a b o u t  1 0  m i n u t e s .  D e a d  l a r v a e  s a n k  a n d  w e r e  r e m o v e d  v i a  b o t t o m  v a l v e  a l o n g  
w i t h  t h e  s a l t e d  w a t e r .  T h e y  w e r e  t h e n  f i l t e r e d  a n d  p r e s e r v e d  i n  4 %  p h o s p h a t e -
b u f f e r e d  f o r m a l d e h y d e  f o r  c o u n t s  o f  m o r t a l i t i e s  a n d  j a w  d e f o r m i t i e s .  T h e  w a t e r  
f l o w  w a s  r e s t a r t e d  a n d  a d j u s t e d .  
E n u m e r a t i o n  o f  B a c t e r i a  
T o t a l  c o u n t s  o f  b a c t e r i a  i n  i n c u b a t o r  w a t e r  w a s  r e c o r d e d  e v e r y  t h i r d  o r  f o u r t h  d a y  
t h r o u g h o u t  t h e  e x p e r i m e n t .  W a t e r  s a m p l e s  f r o m  e a c h  i n c u b a t o r  w e r e  f i x e d  w i t h  
f o r m a l d e h y d e  t o  f i n a l  c o n c e n t r a t i o n  o f  2 % ,  f i l t r a t e d  o n  0 . 2  u r n  N u c l e p o r e  f i l t e r s  
a n d  s t a i n e d  w i t h  4 ' 6 - d i a m i d i n o - 2 - p h e n y l i n d o l e  ( D A P I )  ( P o r t e r  a n d  F e i g  1 9 8 0 ) .  
S u p p o r t  f i l t e r s  w e r e  s o a k e d  i n  a  1 0  u g / m l  D A P I  s o l u t i o n ,  a c c o r d i n g  t o  H o f f  
( 1 9 8 8 ) .  C o u n t i n g  w a s  c a r r i e d  o u t  u s i n g  a  N i k o n  e p i f l u o r e s c e n c e  m i c r o s c o p e ,  
o p e r a t e d  a t  6 0 0 x .  A t  l e a s t  2 0 0  c e l l s  w e r e  c o u n t e d  i n  e a c h  s a m p l e .  
R E S U L T S  A N D  D I S C U S S I O N  
.  
M o r t a l i t y  
T h e  c u m u l a t i v e  m o r t a l i t y  i n  t h e  t a n k s  w i t h  d i f f e r e n t  f l o w  i s  s h o w n  i n  F i g u r e  1 .  I n  
t h e  c o n t r o l  g r o u p  ( G r o u p  4  ) ,  t h e r e  w e r e  n o  s u r v i v i n g  l a r v a e  b e y o n d  D a y  1 2  a f t e r  
h a t c h i n g .  I n  t h e  i n c u b a t o r s  w i t h  f l o w  t h e  l a r v a e  s t a r t e d  t o  d i e  o n  D a y  1 2  a n d  t h e  
r a t e  o f  d e a t h  w a s  h i g h e r  w i t h  h i g h e r  r a t e  o f  f l o w .  I n  t h e  i n c u b a t o r s  o f  G r o u p  2  
a n d  3 ,  t h e  l a s t  s u r v i v i n g  l a r v a e  w e r e  s a m p l e d  o n  D a y s  2 9  a n d  2 2 ,  r e s p e c t i v e l y .  I n  
t h e  t a n k s  o f  G r o u p  1 ,  t h e  s u r v i v a l  w a s  a b o u t  1  %  o n  d a y  2 9 .  
H a l i b u t  l a r v a e  s t a r t  t o  s i n k  p a s s i v e l y  w h e n  t h e  h e a d  l i f t s  f r o m  t h e  y o l k  s a c  t o  
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Cumulative mortality (in %). Symbols are: Squares (Group 1), circles (Group 2), filled triangles (group 
3) and crosses (group 4). 
mideye and there is a groove for the mouth (Pittman et al 1990b). 
In many systems and experiments (Blaxter et al 1983, Pittman et al 1989, 1990a,b) 
this period corresponds with the highest mortalities during the entire yolk sac 
stage. In the incubators with water flow (Groups 1-3), the rates of death are 
higher with higher flow. However, in the stagnant incubator (Group 4), the rate of 
death is much higher. The halibut larvae start to sink passively on Day 3 after 
hatching (Pittman et al 1990b ). Most probably, they are concentrated in the cone 
at the bottom of the incubators. The activity of the larvae increases with 
increasing number of larvae pr volume (Pittman et al. 1990b ). This might lead to 
injuring of larvae, infection by bacteria, and subsequently to death. 
In the incubators with flow the larvae started to die around Day 12. The water 
flow most probably kept the larvae in the water-column a longer period, thus 
preventing them from sinking into the cone at the bottom of the incubators. 
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D a y s  a f t e r  h a t c h i n g  
T o t a l  c o u n t s  o f  b a c t e r i a  i n  t h e  i n c u b a t o r s  ( m e a n  v a l u e s ) .  S y m b o l s  a r e :  S q u a r e s  ( G r o u p  1 ) ,  C i r c l e s  
( G r o u p  2 ) ,  f i l l e d  t r i a n g l e s  ( G r o u p  3 )  a n d  c r o s s e s  ( G r o u p  4 ) .  
T h e  n u m b e r s  o f  b a c t e r i a  i n  i n c u b a t o r  w a t e r  a r e  s h o w n  i n  F i g u r e  2 .  I n  t h e  
s t a g n a n t  i n c u b a t o r  ( G r o u p  4  ) ,  t h e  h i g h  m o r t a l i t y  f r o m  D a y  3  o n w a r d s  w a s  
p r e c e d e d  b y  a  r a p i d  a c c u m u l a t i o n  o f  b a c t e r i a .  I n  G r o u p s  1 - 3 ,  b a c t e r i a l  g r o w t h  w a s  
d e l a y e d ,  a n d  n u m b e r s  d i d  n o t  e x c e e d  1 0
6  
u n t i l  a f t e r  D a y  1 6 .  A l s o  c o m m o n  t o  
G r o u p s  1 - 3  w a s  t h a t  a c c u m u l a t i o n  o f  l a r g e  n u m b e r s  o f  b a c t e r i a  d i d  n o t  o c c u r  u n t i l  
a f t e r  l a r v a l  m o r t a l i t y  c u r v e  h a d  b e g u n  t o  r i s e .  B a c t e r i a l  n u m b e r s  n e v e r  e x c e e d e d  
2 . 5 * 1 0
6  
c e l l s  *  m l -
1  
i n  a n y  g r o u p ,  t h u s  b a c t e r i a l  n u m b e r s  p e r  s e  c o u l d  n o t  b e  a n  
e x p l a n a t i o n  o f  l a r v a l  m o r t a l i t y  i n  t h i s  e x p e r i m e n t .  H o w e v e r ,  a s  a l l  s a m p l e s  w e r e  
t a k e n  f r o m  t h e  u p p e r  p a r t  o f  t h e  w a t e r - c o l u m n ,  w e  d o  n o t  k n o w  w h e t h e r  b a c t e r i a l  
n u m b e r s  w e r e  h i g h e r  i n  t h e  c o n e  a t  t h e  b o t t o m  o f  t h e  i n c u b a t o r s .  T h e  r e s u l t s  
i m p l i e s  t h a t  t h e  r a t e  o f  l a r v a l  m o r t a l i t y  i s  t h e  m a j o r  d e t e r m i n i n g  f a c t o r  o f  b a c t e r i a l  
g r o w t h .  T h i s  s h o u l d  b e  e x p e c t e d ,  a s  d e a d  l a r v a e  i s  t h e  m a j o r  s u p p l y  o f  r e d u c e d  
c a r b o n  t o  t h e  b a c t e r i a  i n  t h e  i n c u b a t o r s .  T h u s ,  f r e q u e n t  r e m o v a l  o f  d e a d  l a r v a e  
f r o m  i n c u b a t o r s  s h o u l d  b e  a n  e f f i c i e n t  w a y  o f  p r e v e n t i n g  h i g h  b a c t e r i a l  n u m b e r s .  
T h e  d e l a y e d  a c c u m u l a t i o n  o f  b a c t e r i a  i n  G r o u p s  1 - 3  c o m p a r e d  t o  G r o u p  4  s h o w s  
t h a t  w a t e r  e x c h a n g e  m a y  e f f i c i e n t l y  r e d u c e  a c c u m u l a t i o n  o f  b a c t e r i a  i n  t h e  
i n c u b a t o r s ,  b u t  t h i s  s h o u l d  b e  c a r e f u l l y  w e i g h e d  a g a i n s t  p h y s i c a l  s t r e s s  o n  t h e  
l a r v a e  c a u s e d  b y  t h e  w a t e r  f l o w .  
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Dry weight of larval body (mean value, with standard errors). Symbols are: Squares (Group 1), Circles 
(Group 2), filled triangles (Group 3) and crosses (Group 4). 
Jaw deformities 
Table 2. Percentage of larvae with jaw deformities in each group. 
Days after hatching 19 22 24 26 29 
1. group 54 50 40 21 67 
2. group 54 51 43 30 20 
3. group 59 42 
Table 2 shows the percentage of larvae with jaw deformities from Day 19 onwards. 
On day 19 after hatching it is possible to see the jaw development (Pittman et al. 
1990b ). The percentage of larvae with jaw deformities was slightly higher in the 
tanks of Group 3 on day 19. On Day 22, there were 10 % fewer larvae with jaw 
deformities in same group. On Day 24, there was little difference between groups. 
Day 26 there was higher number of larvae with jaw deformities in Group 2 
compared to Group 1. However on Day 29 the number with jaw deformities was 
higher in Group 1 than Group 2. 
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D a y s  a f t e r  h a t c h i n g  
D r y  w e i g h t  o f  y o l k  s a c  ( m e a n  v a l u e ,  w i t h  s t a n d a r d  e r r o r s ) .  S y m b o l s  a r e :  S q u a r e s  ( G r o u p  1 ) ,  c i r c l e s  
( G r o u p  2 ) ,  F i l l e d  t r i a n g l e s  ( G r o u p  3 )  a n d  c r o s s e s  ( G r o u p  4 ) .  
T h e  r e a s o n  w h y  t h e  n u m b e r  o f  l a r v a e  w i t h  j a w  d e f o r m i t i e s  i s  h i g h e s t  o n  D a y  1 9  i n  
g r o u p  3  a n d  l o w e s t  o n  D a y  2 2  m i g h t  b e  t h a t  t h e  l a r v a e  w i t h  d e f o r m i t i e s  d i e  a t  
e a r l i e r  s t a g e s .  I n  G r o u p s  1  a n d  2  t h e  s a m e  p a t t e r n  c a n  b e  s e e n ,  a s  9 0  %  o f  t h e  
l a r v a e  a r e  d e a d  b e f o r e  D a y  1 9  a f t e r  h a t c h i n g .  I f  t h e  l a r v a e  w i t h  d e f o r m i t i e s  d i e  a t  
e a r J y  s t a g e s  w h e n  e x p o s e d  t o  p h y s i c a l  s t r e s s o r s ,  t h i s  m i g h t  b e  t h e  r e a s o n  w h y  w e  
w e r e  n o t  a b l e  t o  s h o w  c o r r e l a t i o n  b e t w e e n  r a t e  o f  f l o w  a n d  n u m b e r  o f  d e f o r m e d  
l a r v a e .  P h y s i c a l  s t r e s s o r s  s u c h  a s  t e m p e r a t u r e ,  l i g h t  a n d  a i r  b u b b l i n g  h a v e  b e e n  
s h o w n  t o  i n c r e a s e  t h e  n u m b e r  o f  d e f o r m i t i e s  (  O p s t a d  a n d  R a a e  1 9 8 6 ,  B o l l a  a n d  
H o l m e f j o r d  1 9 8 8 ,  P i t t m a n  e t  a l  1 9 8 9 ,  1 9 9 0 a )  
G r o w t h  a n d  y o l k  s a c  u t i l i z a t i o n  
B o d y  d r y  w e i g h t  ( F i g u r e  3 ) ,  i n c r e a s e d  f r o m  1 1 3 . 5  u g  o n  D a y  1  t o  8 6 1 . 8  a n d  6 9 7 . 0  
o n  D a y  2 9  i n  G r o u p s  1  a n d  2 ,  r e s p e c t i v e l y .  I n  t h e  s a m e  p e r i o d  t h e  y o l k  w e i g h t  
( F i g u r e  4 )  d e c r e a s e d  f r o m  1 2 4 0 . 8  u g  t o  4 3 7 . 0  u g  a n d  4 1 3 . 1  i n  G r o u p  1  a n d  2 ,  
r e s p e c t i v e l y .  T h e  y o l k  a b s o r b t i o n  r a t e s  w e r e  2 8 , 7  u g  d r y  w e i g h t  *  d a y -
1  
i n  G r o u p  
1  a n d  2 9 . 6  u g  d r y  w e i g h t  *  d a y -
1  
i n  G r o u p  2  i n  t h e  p e r i o d  b e t w e e n  D a y  1  a n d  
D a y  2 9  a f t e r  h a t c h i n g .  F r o m  D a y  2 6  a f t e r  h a t c h i n g  o n w a r d s  t h e r e  w a s  s i g n i f i c a n t l y  
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RNA (dotted lines) and DNA (solid lines) content per latva (in micrograms, mean values). Symbols are: 
Squares (Group 1), circles (Group 2), filled triangles (Group 3) and crosses (Group 4). 
higher dry weight of larval body in Group 1 than in Group 2. There was no 
significant difference in yolk sac dry weight in the same period. The yolk 
conversion effiencies between Day 1 and Day 29 were 93 % and 71 % in Groups 
1 and 2, respectively. 
Table 3. Growth rate (ug/day) 
Days Group 1. Group 2. Group 3. Group 4. 
1-5. 38.9 30.0 35.9 38.3 
5-12. 10.3 15.1 15.9 
12-19 17.7 22.0 15.9 
19-22 34.1 32.2 35.3 
22-26 32.2 10.4 
26-29 55.2 22.0 
The growth rate was high between Days 1-5 after hatching (Table 3), and the 
8 
difference among groups was small. Between Days 5-19, the rate of growth 
decreased to less than half compared to Days 1-5. From Day 19 onwards, the rate 
of growth increased to the same level as newly hatched larvae. In the period 
between Days 22-29, there was a large difference in the rate of growth between 
the two remaining groups (Groups 1 and 2). 
In Group 2, the energy from the yolk sac has most probably been used by activity 
stress instead of beeing canalized to larval body growth. The yolk sac conversion 
effiencies are 20 % less in Group 2 than in Group 1. This is supported by data 
from a stress experiment with halibut larvae by Opstad and Raae (1986). 
Similar results have also been reported for salmon yolk sac larvae. Hansen and 
M~ller (1985). Hansen and Torrissen (1984) and Taranger et al (1985). They 
found a difference in growth rate and hence weight between substrate reared and 
flat screen reared salmon larvae. The weight difference were in disfavor of flat 
screen reard larvae, probably due to high activity stress. 
The amount of DNA (Figure 5) increased significantly from hatching to Day 12 
after hatching. in all groups, except Group 4. This differs from Pittman et al. 
(1990a), who found no significant increase in the amount of DNA until Day 14. 
Between Days 12 and 19 there was no significant increase in the amount of DNA. 
Between Days 19 and 26, the DNA content increased, significantly in Groups 1 
and 2. However, in Group 3, no significant increase was found between Day 19 
and Day 22, when the last larvae were sampled. 
Comparing the increase in DNA content with growth rate as measured by larval 
dry weight, there was high rate of growth the 5 first days after hatching, followed 
by a period with slow growth. After Day 19, the growth rate increases again. 
There are two ways of growing: either the individual cells become larger or the 
number of cells increases. The latter is the norm for embryonic development. 
Both ways will usually lead to an increase in biomass. The pattern might be: An 
increase in the number of cells the first days after hatching is folllowed by an 
increase in the size of a fairly constant number of cells in the period with slow 
growth. This is in turn followed by a period with increase in the number of cells. 
The amount of RNA (Figure 5) increased significantly the 5 first days after 
hatching in Group 4 only. From Day 12 onwards there was no significant change 
in the amount of RNA per larva. 
On day 1 after hatching the RNA/DNA ratio (Figure 6) was 4.3 and remained 
fairly constant until day 12, where it decreased. This differs from Pittman et al. 
(1990a), who found that the RNA/DNA ratio increased from hatching until Day 
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Figure 6. 
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and then decreased. There were no significant differences in the RNA/DNA ratio 
among the groups. Similar results were found by Taranger et al. (1985), who 
found little difference in RNA/DNA ratio in a stress experiment with salmon yolk 
sac larvae. 
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